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Abstract: Atherosclerosis is a progressive disease causing a coronary heart disease (CHD). 
Atherosclerosis is related to the levels of LDL in the blood. An increased LDL in the blood can be 
prevented by consuming soluble fiber and antioxidants from such Kepok banana peels. The aim of this 
study is to know the effects of Kepok banana peel flour infusion in various dosage on LDL serum level of 
male wistar rats which were treated with a repeatedly heated cooking oil. This study used post test 
control group as experimental design in which 24 male rats were randomly categorized in five groups, 
namely (1) a negative control group, (2) a positive control group treated with a repeatedly heated 
cooking oil and distilled water, as well as the groups treated with a repeatedly heated cooking oil and 
0.5, 1, and 2 ml/rats of Kepok banana peel flour solution, for group (3), (4), and (5) respectively. LDL 
level were measured by using calorimetric method. The result of this study showed that the highest 
average levels of LDL obtained in control positive group K(+) was 14,25 mg/dl and the lowest average 
level of LDL obtained in the group treated with a repeatedly heated cooking oil and 0.5 ml/rat was 11,2 
mg/dl. It can be concluded that Kepok banana peel flour cannot significantly reduce the mean of LDL 
serum level of male Wistar rats treated with repeatedly heated cooking oil (p>0,05). 
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1. INTRODUCTION  
Diet greatly determines a person's health condition. Currently eating patterns have 
changed, people prefer to consume fast food (fast food) and food cooked by frying (Yahya 
et al., 2013). The use of oil repeatedly when frying will increase the amount of oxidized fat 
and reduce the amount of antioxidants contained in the oil so that the number of free 
radicals increases and will induce oxidative stress which plays an important role in the 
development of atherosclerosis (Jaarin et al., 2006.; Xian et al., 2012). 
Atherosclerosis is a disease in which plaque builds up in the arteries. Excessive plaque 
buildup will make arteries harden and narrow, causing blood flow to the heart and other 
organs to be disrupted. The process of atherosclerosis that occurs in the blood vessels of the 
heart can trigger coronary heart disease, if it occurs in the blood vessels of the brain it can 
cause a stroke (brain disorder due to lack of blood flow) (USDA 2020). 
Treatment for atherosclerosis may involve medication, diet or exercise which basically 
lowers blood cholesterol levels. One of the ingredients in foods that can be used to lower 
cholesterol in the blood is fiber. Fiber is divided into 2 groups, namely soluble fiber and 
insoluble fiber. Fiber that can be dissolved in water for example is pectin, gum, mukilase, 
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glucan and algae. Soluble fiber has the most effect in lowering blood cholesterol levels, while 
insoluble fiber in water has the least effect on reducing cholesterol levels in the blood 
(Santoso, 2011). The decrease in cholesterol levels can be seen from the decrease in LDL 
level accompanied by a decrease in cholesterol levels in the liver and tissues (Almatsier, 
2002).  
One of the fruits that are rich in fiber is Kepok banana. Kepok banana peel can be used 
because it contains pectin which is a type of water soluble fiber which is higher than other 
fruits. The pectin content in kepok banana peels ranges from 10-21% or about 13-2 1.7 
g/100 g of dry weight (Wachirasiri et al., 2009; Wangeci, 2011). 
Kepok banana peels also have antioxidant activity which can also play a role in reducing 
LDL levels in the blood by binding to cholesterol that should bind to bile acids, so that 
cholesterol cannot enter the mucous membrane of the small intestine and eventually comes 
out with feces (Vinarova et al., 2015). Research conducted by Atun et al (2007) on the 
antioxidant activity of Kepok banana peels proved that Kepok banana peel extract was able 
to inhibit 50% oxidation only at a concentration of 693.15 mg/ml (Atun et al., 2010). It is 
showing the activity of antioxidant in Kepok banana peels much higher than Ambon banana 
peels, where research on Ambon banana showed that extracts of Ambon banana peel can 
inhibit 50% oxidation at a concentration of 5000 ug / ml (Imam et al., 2011) . If this banana 
peel powdered, antioxidant activity still remains relatively high namely 72, 92% 
(Nuramanah Hayat; Siswaningsih, Wiwi, 2013).  
This study aimed to see the effect of Kepok banana peel flour on LDL levels in male 
white rats (Rattus norvegicus Strain Wistar) given cooking oil. 
 
2. METHODS 
This research is a true experimental study ( post test control group design ). The sample 
in this study was 25 male wistar rats (Rattus norvegicus Wistar Strain) that met the 
inclusion criteria, namely male sex , age 6-8 weeks, body weight 100-250 g, complete limbs, 
no defects, active movement, clear eyes, clean white fur. Rats were housed in light-
controlled environment with food and water provided ad libitum. In this study, the sample 
was divided into 5 groups with 5 rats in each group, namely a negative control group, a 
positive control group and three treatment groups. All experiments described here were 
approved by Brawijaya University Ethical Clearence. 
Making Kepok Banana Peel Flour  
Kepok banana peels washed clean , then soaked in a solution of salt 0,3%  for 10 
minutes to reduce enzymatic browning. Kepok banana peels then cut in squares measuring 
± 1 cm x 1 cm. Then it arranged in a baking dish and ready to be dried using an oven with a 
temperature of 600C for 2,5-3 hours. After drying, Kepok banana peel was crushed using a 
dry blender and then sifted with a 100 mesh sieve to become a flour. 
Experimental Design.  
In this study, rats were divided into 5 groups, namely:  
1. Negative control group (K-) : the group that was given a normal diet + 2 times sonde 
placebo aquades  (n=5 per group) 
2. Positive control group (K+) : the group that was given a normal diet + oil cooking 2 
ml /rat + 1 times sonde placebo aquades     
3. P1: the group that was given a normal diet + heated cooking oil  2 ml /rat + Kepok 
banana peel flour dose of 0.5 ml / rat     
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4. P2: the group that was given a normal diet + heated cooking oil 2 ml /rat + Kepok 
banana peel flour of 1 ml / rat   
5. P3: the group that was given a normal diet + heated cooking oil 2 ml / rat + Kepok 
banana peel flour dose of 2 ml / rat   
Body weight and food consumption were measured daily. All rats were sacrificed after 
fasting overnight on day 15 of the experiment. Blood samples were centrifuged and the 
plasma was separated to measure LDL level. Results are given as mean ± SD.  Data were 
statistically analyzed using SPSS through normality test using the Shapiro-Wilk  and 
followed by Kruskal -Wallis test . 
 
3. RESULTS AND DISCUSSION 
The highest average initial body weight was in the Treatment group P3 which is 200 ± 
28.52 grams, while the lowest was in the Treatment group which is 182.8 ± 10.52 grams. 
The highest average final body weight was found in the Positive Control group (K+)  which 
is 239.2 ± 42.87 grams, while the lowest final body weight was in the Treatment group 2 
(P2)  which is 210.4 ± 15.92 grams. The highest average feed intake was shown by rats in 
the negative K(-) control group of 26.35 grams, while the lowest average feed intake was 
experienced by rats in the P2 treatment group of 22.32 grams. 
Rat Serum LDL Level 
Based on the results of the normality test by Shapiro Wilk, the data obtained from the 
results of rat serum LDL levels were not normally distributed, namely p=0.001 (p<0.05). 
Because the data obtained are not normally distributed, then the data transformation test 
is carried out and the results are still not normally distributed. Based on the results of 
statistical tests to test the homogeneity of the data on the average LDL level, the results 
obtained where p = 0.548 (p>0.05) so that it can be concluded that the data has a 
homogeneous variant. Furthermore, statistical analysis using Kruskall Wallis was carried 
out and the results were p = 0.980 which showed no difference because p> 0.05. Because 
there was no difference, no further tests were carried out in the form of correlation and 
regression tests. 
Although there was no significant difference, in Table 1 it can be seen that there was a 
decrease in the mean LDL level in the P1, P2, and P3 groups compared to the Negative 
Control group (K-) and the Positive Control group (K+). In this study, the P1 group had the 
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Table 1 Initial and Post-Treatment Body Weight, Average Intake of Rats, and Serum LDL 
Levels in Rats 























26.35 24.93 24.25 22.32 26.07 
Mean LDL 
(mg/dl) 
13.2 14.25 11.2 11.8 13 
Median LDL 
(mg/dl) 
13 13 10 10 11 
Min-max LDL 
(mg/dl) 
10-20 9-22 10-14 8-17 9-21 
Standard 
Deviation 
4.08 5.56 1.79 3.63 4.85 
Sample characteristics 
The rats used in this study were male white rats, Rattus novergicus strain wistar , aged 
6-8 weeks, weighing between 150-200 grams and in good health during the study. This 
study used 25 rats which were divided into 5 groups with different treatments with 
randomization techniques that allowed each rat to have the same opportunity to be the 
sample in the study.  
Table 1 shows that the highest final body weight was in the Positive Control group (K+), 
which was 239.2 ± 42.87 g, while the lowest final body weight was in the P2 group, which 
was 210.4 ± 15.92 g. This might be due to the fact that the K(+) group was only given heated 
cooking oil which could increase the body weight of the rats, while the P2 group not only 
given heated cooking oil but also given Kepok banana peel flour. This can be caused by the 
presence of pectin in the kepok banana peel. Pectin is able to reduce or prevent weight gain. 
The higher the use of banana peels, the more weight gain decreases (TNI, 2013). 
The highest mean feed intake was found in the negative K(-) control group, which was 
26.35 g, while the lowest average feed intake was found in the P2 treatment group of 22.32 
gr. This can be caused by giving heated cooking oil which can cause a longer full effect 
(Irianto, 2007) . In addition, the banana peels contains serotonin compounds (Fitria v, 
2013). Serotonin has a very vital function in balancing mood, and suppressing appetite 
(Istiharoh, 2010). 
Effect of Cooking Oil on Serum LDL Levels in Rats 
The results of the research that have been carried out show that the administration of 
heated cooking oil for 15 days can increase serum LDL levels compared to a normal diet. It 
can be seen in Table 1, the results of the analysis show that the average serum LDL level in 
the group given cooking oil K(+)  is 1.05 mg/dl higher than the average serum LDL level in 
the group given the normal diet K(-), which is 13,2 mg/dl, but based on statistical analysis 
there was no significant difference between the mean serum LDL levels in the K(+) group 
and the K(-) group, namely p=0.753. 
Heated cooking oil which is rich in saturated fat can increase LDL levels by decreasing 
the regulation of LDL receptors and increasing LDL production (Gatto et al., 2002; Merchant 
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et al., 2007; Sartika, 2008).  In addition, trans fatty acids contained in heated cooking oil play 
a role in increasing LDL levels through the mechanism of inhibition of enzyme activity in 
lipid metabolism (fatty acid desaturase elongase and Lecithin Choleslerol Acyl 
Transferase/LCAT) (Sartika, 2008).  
The normal threshold for LDL levels in rats is 2-27 mg/dl. When compared with the 
normal threshold, the mean serum LDL levels of rats in the control group K(+) were still in 
the normal category. So it can be concluded, giving heated cooking oil for 15 days can 
increase LDL levels in rats, but the increase in LDL levels has not exceeded the normal 
threshold for LDL levels in rats. 
The LDL levels of rats in the control group K(+) were still relatively normal, perhaps 
because the levels of free fatty acids in the heated cooking oil used in this study were not 
high enough to make the LDL of rat serum exceed the normal limit within 15 days. 
However, the heated cooking oil in this study has been tested for the content of free 
fatty acids (FFA). The results of the FFA test showed that the FFA content in the used 
cooking oil was 4.95%. This indicates that the oil is not safe to use for frying because it has 
exceeded the free fatty acid percentage threshold set by SNI 01-3741-2002 which contains 
the condition that the maximum free fatty acid content is 0.30%. 
Consumption of foods containing high levels of free fatty acids can increase LDL levels 
and reduce blood HDL levels (Sartika, 2010). In this study, serum LDL levels of rats in the 
control group K(+)  increased compared to the control group K(-), although the increase 
was still within normal limits. The same thing was also found in a study conducted by 
Bogoriani (2015) where the increase in LDL was still in the normal area with 2.5 ml of used 
cooking oil/day for 10 weeks in wistar rats (Wayan & Ketut, 2015). 
Effect of Kepok Banana Flour against LDL levels on Serum Rats  
Kepok banana peel flour that used in this study was expected to prevent the increase 
in serum LDL levels. In this study, the lowest mean LDL level was found in the P1 treatment 
group, which was 11.2 mg/dl. This can be caused by the content of Kepok banana peel flour, 
namely pectin as water soluble fiber and antioxidants in the form of saponins, tannins, 
flavonoids that can reduce serum LDL levels because they have the effect of lowering lipid 
profiles and reducing the risk of atherosclerosis by preventing LDL oxidation (Ibegbulem et 
al., 2013; TALA, 2009). 24,25 Pectin has the ability to inhibit the increase in LDL cholesterol 
levels through two mechanisms, namely by inhibiting the activity of the HMG-CoA reductase 
enzyme and inhibiting the formation of micelles which cause a decrease in cholesterol 
absorption (Gropper et al., 2008) .  
In addition, from the results of the Kepok banana peel flour test at the FTP Laboratory 
of Brawijaya University, the IC50 of the Kepok banana peel was 0.00038mg or 3.8 g or 3.8 
ppm. This shows that kepok banana peel flour has a very strong antioxidant activity because 
it has an IC50 value of <50 ppm (Molyneux P, 2004) . 
The antioxidant content in Kepok banana peels is very diverse. In 100 grams of dry 
weight of Kepok banana peel there are 1.27 mg of total carotene, 1.8 mg of vitamin C, 680 
mg of polyphenols, 818.75 mg of flavonoids, 111 4 mg of tannins and 2400 mg of saponins 
(Ngarajaiah, Shyamala Bellur and Prakash, 2011). Saponins can lower blood LDL cholesterol 
by binding with cholesterol that supposedly binds with bile acids, so cholesterol cannot get 
in the mucous membranes of the small intestine and finally out with feces (Vinarova et al., 
2015). Tannins also have a mechanism similar to the saponins in a decrease in blood LDL 
that binds to bile acids and excreted through the feces (Zubaidah et al., 2014). Antioxidant 
compounds such as flavonoid can lowering blood LDL cholesterol by inhibit HMG-CoA 
Reductase. Inhibition of HMGCoA Reductase causes a decrease in cholesterol synthesis and 
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increases the number of LDL receptors contained in the liver cell membranes and 
extrahepatic tissues so that total cholesterol levels decrease (Baskaran et al., 2015).  In 
addition, flavonoids can reduce blood cholesterol levels by increasing the excretion of bile 
acids (Carvajal-Zarrabal et al., 2009). 
Meanwhile, the P2 and P3 treatment groups had higher mean LDL levels than the P1 
treatment groups, namely 11.8 mg/dl and 13 mg/dl. This can be caused by the higher the 
dose given or at high concentrations, antioxidant compounds can turn into pro-oxidants, so 
that they can exacerbate oxidative damage caused by free radicals (Rahal et al., 2014). 
In this study, there was no significant difference in serum LDL levels in rats. Pectin as a 
watersoluble fiber is not able to reduce LDL levels because the pectin dissolved in this 
solution is less than the pectin contained in the extract and in this solution not all active 
substances can be dissolved completely. The less pectin content will require a longer 
research time than the research time using the extract. 
 
4. CONCLUSION 
It can be concluded that the Kepok banana peel flour solution did not significantly 
reduce the mean serum LDL level of the male white rats ( Rattus norvegicus Strain Wistar ) 
given heated cooking oil. Based on the results of this study, further research is needed on 
the content of specific active substances in Kepok banana peel flour with different doses and 
longer time to produce significant differences. In addition, it is necessary to examine the 
initial LDL levels of rats in future studies, so that they can be compared with LDL levels of 
rats after treatment. 
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